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Nonaqueous electrolyte secondary cells 



(57) Used as the positive electrode active sub- 
stance of a lithium ion secondary cell is a mixture of a 
lithium-nickel-cobalt-manganese composite oxide rep- 
resented by the formula LiNi (1 . x . y) Co x Mn y 0 2 wherein 
0 5<x+y<1.0 and 0.1<y<0.6 and a lithium-manganese 
composite oxide represented by the formula 
Li (1+2) Mn 2 0 4 wherein 0^z^0.2. The substance used 
gives outstanding power characteristics to the cell. 



FIG.1 
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Description 

FIELD OF THE INVENTION 

rnooi 1 The oresent invention relates to nonaqueous electrolyte secondary cells which comprise a ro.led-up electrode 
IZlcJJnSSJln a closed container and serving as an electricity generating element and wh,ch are adapted to 
deliver electric power generated by the electrode unit to the outside. 

BACKGROUND OF THE INVENTION 

r00021 in recent years, attention has been directed to nonaqueous electrolyte secondary cells, ™*^>^ 
1 Li as cells having a high energy density. The lithium ion secondary cell comprises, as shown in HQS. 
secondary cells, as ceiis ndv.ny a my,, a r j welded to the respective ends of the 

1 and 2, a cylindrical closed container 1 having a cylinder t land Iris • «^ negative electrode terminal 
cylinder, and a rolled-up '^^^^^^^ elideTetina. assembly 9 and the ro,led-up 

,n»poMd Idarebsnaean and rated dp inlo a i spaal tam The ^"r™t™"„ca 44 P Th<l n . ga „ v e alactrode 43 

,he rai™ar:«i^^ T-rr «■ 

comprises a current collector in ine iumi u. hk . tj substance 46 of the negative electrode 

M C"" ^dtHnd »d ,ha partial sdbsd.abad of an .lamed, o,hs, than Mr, forth. Mn id l,,h,drt,-madganase bom- 

as stated ^bove and exhaustive research still remains to be made on charge-discharge characteristics under condibons 
fnvo Iv ng ££on. of charging and discharging with a great current within a short P^ e *^ 
erishcs We checked conventional lithium ion secondary cells wherein the positive electrode active s ubstence , used 
LSrum-manganese composite oxide, lithium-nickel composite oxide or a mixture thereof forthe evaluation of power 
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characteristics, but were unable to obtain satisfactory results. 
SUMMARY OF THE INVENTION 



r0OO91 An object of the present invention is to give improved power characteristics to lithium ion secondary cells 
wherein tCe poSe electee active substance used is a mixture of lithium-nicke.-cobalt-manganese compos,te ox,de 

^Tro~rzr«, ^ ,. « „ . r an, 

the present invention. therein a Dositive electrode active substance 

[0011] The present invention provides a lithium .on secondary ceir ^ n ^P£*^S£ by the formula 

the formula Li (1+2) Mn 2 0 4 wherein 0SzS0^2 secondary cell embodying the present invention 

[0012] The positive electrode active substance of the lithium on ^n^ 1 * » h( T rein 0 5 <X4-y<1 0 

Ui ( ^Co^n/> 2 wherein 0.5<x + y<1^^ ^ are he)d .„ 

the fo^'uta Li (1 >n 2 0 4 wherein OSzS 0.2 and having a sp.neh tt ^^J^JJ^ of electric cha rges in the 
contact with one another with good stability, presumably resulting *^^ n ^™ rt riodoft , me .,tlstheretore 
case where the cell is repeatedly charged and discharged with ,a great ^^*J d ^ 8 ~ u rt s ^ asftepo8 , tive e,ertn,de 
thought that the lithium ion secondary cell wherein the two kinds of composite ox-des are P 

in excellent power characteristics. munaanese composite oxide is in the form of parti- 

[„„ 151 Funded more f^l^^^^^^Z. oxido . in mo .cm, o, p.d.des 

BRIEF DESCRIPTION OF THE DRAWINGS 



40 [0017] 



FIG. 1 io a p^specWe vie. show.no th. oppoaranc. , rt a »j»n^«* „. convm0< , nal and 

s i r. r;^rr^z n s^rt— - . —up — . - » 

45 the conventional cell. 

DETAILED DESCRIPTION OF EMBODIMENT 

[0018, The present invention w, be described below with ^™ 

mum ion secondary cel.. The lithium ion secondary ^"^^^iSC^port^ electrode active substance 
Hthium ion secondary cell shown in FIGS^I to 3 .but "JjS^S^aSSi represented by the formula 
1SJ 15 ASS ^ o'iry^ro^re^ .iS-manganese composite oxide represented by 

posite oxides of different compositions. Fabricated m Example ^ were 'ny e Seated in Examp.e 3 were inven- 
and a lithium-nickel-cobalt-manganese composite ox.de ,n ^ng m.x.n g ra 4 ^ jnvention cells 
tion cells 19 to 21 using lithium manganates of different composit.ons. Fabricated tx P 
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22 to 29 which were different in the average diameter of each of particulate lithium-nickel-cobalt-manganese composite 
oxide and lithium manganate used. The cells were tested for the evaluation of power characteristics. 

Example 1 (Invention Cells 0-12) 

5 

[Preparing Positive Electrodes 0-12] 

[0020] A lithium-nickel-cobalt-manganese composite oxide represented by the formula LiNi (1 . x . y) Co x Mn y 0 2 was pre- 
pared in the following manner. 

10 TO021 1 First nickel sulfate, cobalt sulfate and manganese sulfate were mixed together so that Ni, Co and Mn ware 
in the mole ratios listed in Table 1 for positive electrodes 0 to 1 2. NaOH was added to an aqueous solution of each of 
these mixtures to obtain a hydroxide co-precipitate. The co-precipitate was then mixed with LiOH in a mole ratio of 1 . 
1 and the mixture was then heat-treated in an oxygen atmosphere at 750 to 900° C for 1 2 hours and thereafter pul- 
verized to obtain oxide particles having an average diameter of 8 urn. Thus, a lithium-nickel-cobalt-manganese com- 

m^2^ZnherUM^%Bwm a spinel structure was prepared in the following manner. First, LiOH and manganese 
sulfate were mixed together so that Li and Mn were in. a mole ratio of 1 :2. The mixture was then heat-treated in the 
atmosphere at 800° C for 20 hours to obtain LiMn 2 0 4 of spinel structure. The oxide was pulverized to obtain particles 
i , with an averaqe diameter of 7 urn. 

Wo [0023] For each of the positive electrodes 0 to 1 2, a positive electrode active substance was prepared by mixing the 
lithium-nickel-cobalt-manganese composite oxide of the composition listed in Table 1 and the oxide L.Mn 2 0 4 in the 
ratio by weight of 1 :1 . Ninety parts by weight of the powder of positive electrode active substance and 5 parts by weight 
of an artificial graphite powder were mixed with a solution of 5 parts by weight of polyvinylidene fluoride in N-me hyl- 
2-pyrrolidone (NMP) to obtain a slurry. The slurry was applied to opposite surfaces of aluminum foil by the doctor blade 
method to form a layer of positive electrode active substance, followed by drying in a vacuum at 150° C for 2 hours to 
prepare a positive electrode. 

[Preparing Negative Electrodes] 

[0024] Ninety-five parts by weight of natural graphite and a solution of 5 parts by weight of polyvinylidene fluoride in 
NMP were mixed together to obtain a slurry, which was then applied to opposite surfaces of copper foil by the doctor 
blade method to form a layer of negative electrode active substance, followed by drying in a vacuum at 150 C for 2 
hours to prepare a negative electrode. 

35 [Preparing Rolled-up Electrode Units] 

[0025] Rolled-up electrode units were prepared using the respective positive electrodes 0 to 12. The method of 
preparation was the same as in the prior art. With reference to FIG. 3, the positive electrode 41 and the negative 
> electrode 43 were lapped over each other as displaced widthwise thereof from each other, with a separator 42 inter- 
na posed therebetween, and the components were rolled up into a spiral form to obtain a rolled-up electrode unit 4. At 
one axial end 48 of the unit, one edge of the positive electrode 41 projected outward beyond the corresponding edges 
of the separators 42, while at the other end 48 thereof, the edge of the negative electrode 43 projected outward beyond 
the corresponding edges of the separators 42. The separator 42 was a porous membrane of polypropylene. 

45 [Preparing Nonaqueous Electrolyte] 

[0026] A nonaqueous electrolyte was prepared by dissolving 1 mole/liter of LiPF 6 in a solvent mixture of ethylene 
carbonate and dimethyl carbonate in a ratio by volume of 1 :1 . 

so [Assembling Cells] 

[0027] Lithium ion secondary cells were assembled using the respective rolled-up electrode units and the nonaque- 
ous electrolyte. The assembling method was the same as conventionally. With reference to FIGS. 1 and 2, a current 
collector plate 32 was first joined to each end face 48 of the rolled-up electrode unit by welding. A lead portion 33 of 
55 the plate 32 was them joined to an electrode terminal assembly 9 attached to a lid 1 2. The electrode unit was thereafter 
placed into a cylinder 11. and the lid 12 was welded to the opening portion of the cylinder 11. Finally, the electrolyte 
was poured into the closed container 1 through an unillustrated liquid inlet. In this way, cylindrical invention cells 0 to 
12, 40 mm in diameter and 100 mm in height, were completed. 
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Comparative Example 1 (Comparative Celts 1-4) 

r00281 Comparative cells 1 to 4 were fabricated in the same manner as in Example 1 except that the Ni, Co and Mn 
KTLm^ composite oxide represented by the formula LiNi (1 . x . y) Co x Mn y G 2 were m the 
mole ratios listed in Table 1 for respective positive electrodes 13 to 16. 



10 





Positive electrode 
(cell) 


Nickel 
sulfate 


Cobalt 
sulfate 


Manganese 
sulfate 


Example 1 


Positive electrode 0 (invention cell 0) 


0-4 


0.4 


0.2 


Positive electrode 1 (invention cell 1) 


0.1 


0-6 


0.3 


positive electrode 2 (invention cell 2) 


0.2 


O.S 


0.3 


Positive electrode 3 (invention cell 3) 


0.3 


0.4 


0.3 


Positive electrode 4 (invention cell 4) 


0-4 


0.3 


0.3 


[Positive electrode 5 (invention cell 5) 


0.1 


0.5 


0.4 


Positive electrode 6 (invention cell 6) 


0.2 


0-4 


0-4 


Positive electrode 7 (invention cell 7) . 


0.3 


0.3 


0.4 


gositivo electrode 8 (invention cell 8) 


0*4 


0.2 


0.4 


Positive electrode 9 (invention cell 3) 


0-1 


0-4 


Li . D 


Positive electrode 10 (invention cell 10) 


0-2 


0.3 


0.5 


Positive electrode 11 (invention cell 11) 


0.3 


0.2 


0.5 


Positive electrode 12 (invention cell 12) 


0.4 


0.1 


O.S 




Positive electrode 13 (comparative cell 1) 


0.4 


0.5 


0,1 


Positive electrode 14 (comparative cell 21_ 


o.s 


0.2 


0.3 


positive electrode 15 (comparative cell 3) 


0.5 


0.1 


0.4 


i 
s 


Positive electrode 16 (comparative cell 4), 


0.2 


0-2 


0.6 



Example 2 (Invention Cells 13-18) 

55 [0029] invention cells 13 to 18 were fabricated in the same manner as in Example 1 except^ that the 
LiNi 0 4 Co 0 3 Mn 0 3 0 2 and lithium manganate of spinel structure, LiMn 2 0 4 , which were used ,n Example 1 for the posrhve 
elec rode 4 we e used in the mixing ratios listed in Table 2 for the respective positive electrode act.ve substances. 
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Comparative Example 2 (Comparative Cells 5 and 6) 

[0030] Comparative cells 5 and 6 were fabricated in the same manner as in Example 2 except that the components 
were used in the mixing ratios given in Table 2 for the positive electrode active substances used. 

Table 2 



Cell 


Mixing ratio LiNi 0 . 4 Coo.3Mno.3 0 2 /LiMn 2 0 4 


Invention eel! 13 


1/9 


Invention cell 14 


2/8 


Invention cell 15 


3/7 


Invention cell 16 


7/3 


Invention cell 17 


8/2 


Invention cell 18 


9/1 


Comparative cell 5 


0/10 


Comparative cell 6 


10/0 



Example 3 (Invention Cells 19-21) 

r0031 1 Invention cells 1 9 to 21 were fabricated in the same manner as in Example 1 except that the positive electrode 
active substances used were prepared by mixing together LiNi 0 . 4 Co 0 . 3 Mn 0 . 3 O 2 and Li (1+2) Mn 2 0 4 Wherein z is as listed 
in Table 3. 

Comparative Example 3 (Comparative Cell 7) 

[0032] Comparative cell 7 was fabricated in the same manner as in Example 3 with the exception of using 
Li (1+2) Mn 2 0 4 wherein z is the value listed in Table 3. 

Table 3 



Cell 


z Li (1+z) Mn 2 0 4 


Invention cell 19 


0.05 


Invention cell 20 


0.1 


Invention cell 21 


0.2 


Comparative celt 7 


0.21 



Example 4 (Invention Cells 22-29 ) 

[0033] Invention cells 22 to 29 were fabricated in the same manner as in Example 1 except that the 
LiNio. 4 Co 0 .3Mn 0 . 3 0 2 and LiMn 2 0 4 used in combination for each cell had the respective average diameters listed in 
Table 4. 

Table 4 



Cell 


LiNi 0 4 Co 0 3 Mn 0 3 0 2 Average diameter (u.m) 


LiMn 2 0 4 Av. diam. (u,m) 


Invention cell 22 


1 


7 


Invention cell 23 


15 


7 


Invention cell 24 


8 


5 


Invention cell 25 


8 


15 


Invention call 26 


0.5 


7 


Invention cell 27 


20 


7 
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Table 4 (continued) 
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Comparative Ex am ple 4 (Compa rative Cells 8 and 9) 

[0035] in fabricating the two * UOH. TlTJ^Z^te6 in the atmosphere at 800» C for 
Li, Mn and Al were in the mole raho of 1 . - 95 ^J^ r ™ The oxide was furthe r pulverized to prepare part.cles 
20 hours to obtain UMn ljB9 AI 0jOB P 4 hav.ng a spmeT in the same manner as in Example 1 
with an average diameter of 15 urn C ° m ? ar ^ n ^ mixing the .tthium-nickel-cobalt-manganese 

5 with the oxide LiMni " A,oo5 ° 4 in the 

ratio by weight of 1:1. 



Cell 

Comparative cell 8 


LiNiCoMnO? Comp. and av. diam. (jim) 
LiNi 06 Co 03 Mn 0 #1 0 2 
10 


LiM ni 95AI0.05O4 Av - diam - 
15 


Comparative cell 9 


LiNi 0 .4 Co 0.3 Mn 0.3°2 

8 


15 





Test (for Evaluation of Po wer Characteristics) 

[0036, T„e c* .KU. f-.rtca.ed ware raaad tor poare r -«^^ f^lT^2^l 

. u ~ ot r a fin qecVcessation 5 min-charge at 26 A (10 sec)- 
Charge at 6.5 A (10 sec)-cessation 5 rn.n-d.scha ge at 6.5 A _ (10 sec) ^cessat n g mjn . djscnarge at 

cessation 5 min-discharge at 26 A (10 sec)-cessat,on 5 m.n-charge at 52 A (1U se 
52 A (10 sec) 

fits a stop© (raals.anca) and I ia M charging and discharging curranr. 

(Mathematic Expression 1) 

[0038] 

V = V D + R X I 
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(Mathematic Expression 2) 
[0040] 

5 

(Mathematic Expression 3) 
w [0041] 



Output power density = [3 x {(3 - V 0 )/R}]/cell weight 



15 



Results 

[0042] Tables 6 to 1 2 show the output power 



Input power density = [4.2 x {(4.2-V 0 )/R}]/cell weight 

densities and input power densities of the cells determined by the test. 



Table 6 



25 



30 



35 



Cell 



Comparative cell 1 



Invention cell 0 



Invention cell 1 



Invention cell 2 



Invention cell 3 



Invention cell 4 



Comparative cell 2 



Proportions 



Ni 



0.4 



0.4 



0.1 



0.2 



0.3 



0.4 



0.5 



Co 



0.5 



0.4 



0.6 



0.5 



0.4 



0.3 



0.2 



Mn 



0.1 



0.2 



0.3 



0.3 



0.3 



0.3 



0.3 



Output power density (W/kg) 



1824 



1947 



1943 



1951 



1949 



1964 



1843 



Input power density (W/kg) 



1860 



1945 



1946 



1950 



1947 



1954 



1875 



Table 7 



'40 



45 



50 



Cell 



Invention cell 5 



Invention cell 6 



Invention cell 7 



Invention cell 8 



Comparative cell 3 



Proportions 



Ni 



0.1 



0.2 



0.3 



0.4 
0.5 



Co 



0.5 



0.4 



0.3 



0.2 
0.1 



Mn 



0.4 



0.4 



0.4 



0.4 



0.4 



Output power density (W/kg) 



1961 



1958 



1953 



Input power density (W/kg) 



1935 



1940 



1937 



1958 
1894 



1941 



1888 



55 



Cell 


Proportions 


Output power density (W/kg) 


Input power density (W/kg) 




Ni 


Co 


Mn 






Invention cell 9 


0.1 


0.4 


0.5 


1974 


1934 


Invention cell 10 


0.2 


0.3 


0.5 


1941 


1931 


Invention cell 11 


0.3 


0.2 


0.5 


1960 


1929 


Invention cell 12 


0.4 


0.1 


0.5 


1959 


1934 
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Cell 


Proportions 


Output power density (W/kg) 


Input power density (W/kg) 




Ni 


Co 


Mn 






Comparative cell 4 


0.2 


0.2 


0.6 


1703 


1640 



Table 9 



Mixing ratio UNiCoMnO^ 
LiMn 2 0 4 



Output power density (W/kg) 




Input power density (W/kg) 



Mixing ratio Output power density (W/ 

kg) 



Input power density (W/kg) 



Invention cell 4 
Invention cell 19 
Invention cell 20 
Invention cell 21 
Comparative cell 7 



Input power density 
(W/kg) 
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Table 12 





Cell 


UNiCoMn0 2 Comp. 
and av. diam. 


UMn0 4 Comp. and 
av. diam. 


Output power density 
(W/kg) 


innut nnwer densitv 
input jjwvyoi ioilj 

(W/kg) 


5 


Comparative cell 8 


LlNl 0 6 oo 0 3 Mn 0 ^2 
10|xm 


I iMrij «r-Alrt f\c O a 
Li iv) 1 1 -j ,95™0.05 w 4 

15u.m 


1812 


1804 


10 


Comparative cell 9 


LiNi 04 Co 03 Mn 03 O 2 
8ujti 


LiMn 1 95 Al a05 O 4 
1.5u,m 


1856 


1854 




Invention cell 25 


LiNi 04 Co 03 Mn 03 O 2 
S\xm 


LiMn 2 0 4 
15u.m 


1960 


1945 


15 


Result 1 





20 



25 



30 



35 



45 



(Study on the composition of lithium-nickel-cobalt-manganese composite oxide) 

[0043] The resutt shown in Tables 6 to 8 revea.s that the ce.ls of the invention wherein x and ly in the formula 
LiNi Co Mn O, are in the ranges of 0.5<x + y<1 .0 and 0.1 <y<0.6 exhibit sat.sfactory power charactenst.cs On the 
o he> hVn'd com&re cells 1 to 4 wherein both X and y are not in these ranges are inferior in power charac enst.es. 

is that since the composite oxide outside these ranges has an unstable cjysta. 
ZStar Hihium ions to be inserted into and released from the composite oxide at the .nterface between the electrode 
surface and the electrolyte in the charge-discharge reaction of short duration.. 

Result 2 

(Study on the mixing ratio of lithium manganate and lithium-nickel-cobalt-manganese composite oxide) 

r00441 The result given in Table 9 shows that the cells of the invention wherein the mixing ratio of lithium-nickel- 
cobt?-mangan;se composite oxide and lithium manganate is in the range of 20:80 to 80:20 exhib,, -^ac^power 
cnaraderistics On the other hand, the cells wherein the ratio is outside this range are ,nf enor ,n power charactenst cs. 
P^umabS the reason is that satisfactory conduction paths are formed between the particles of the m.xture when the 
ratio is within the range. 

Result 3 

(Study on the composition of lithium manganate of spinel structure) 

r00451 As will be apparent from the result in Table 10, the cells of the invention wherein the z in the formula 
ETSmSJI 'the range of OSz^O.2 exhibit satisfactory power characteristics, whereas comparat.ve cel. 7 wh.ch 

is inferior in power characteristics. Presumably the reason is that since the 
s outeide the above range hasan unstable crystal structure, it is difficult for lithium ions to be inserted into and released 
Z *e £££ oxide at the interface between the electrode surface and the electrolyte in the charge-d,charge 
reaction of short duration. 



Result 4 

(Study on the average diameter or particles of lithium-nickel-cobalt-manganese composite oxide and lithium manganate 
50 of spinel structure) 

[0046] As will be apparent from the result given in Table 1 1 , satisfactory power characteristics are exhibited by the 
cells of the invention wherein the lithium-nickel-cobalt-manganese composite oxide of the fo ™ u to UNi 0 4 Co 0 3 My 3 O2 
is 1 to 15 urn in the average diameter of particles thereof and lithium manganate of the formula L.Mn 2 0 4 is 5 to 15 pm 
55 in the average diameter of panicles thereof. On the other hand, the cells wherein the average dia ™ ete ™ ™ ° u *|£ 
the respective ranges are inferior in power characteristics. Presumably the reason ,s that sat.sfactory conduct.on paths 
are formed between the particles if the diameters are in the foregoing ranges. 
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10 



15 



20 



25 



30 



Result 5 

( S,udy on M P a*, s— o. Al *™n, * the Mn aiamen, in «* m n,a„gana,a o. spina, 

. ™mn*r»ti\/e ceils 8 and 9 wherein the positive electrode active 
[0047] The T » gi»an in Tab,. 2 •^^^^^ gKm . etem an, in nun mangana,. C 

:p=rrr^^^ 

in FIG. 2, but various known structures are usable. 



ims 

wherein 0^z^0.2. 
80:20. 

A nona q u.oun e.ac^a sacon^ oa» aononding . -1 «~ «^-~r^ara 



2. 



35 



40 



45 



50 



55 



11 



EP 1 193 782 A2 




12 



EP 1 193 782 A2 




EP1 193 782 A2 




1NSDOCID: <EP 1 1 93782A2J_> 



14 



